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(54) HEAT RESISTANT DNA POLYMERASE HAVING REDUCED EXONUCLEASE ACTIVITY AND ITS USE 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a heat resistant DNA polymerase 
having reduced exonuclease activities, by which an PCR(poIymerase chain 
reaction) is carried out in good accuracy and amplifying ratio and with a 
wide tolerance of PCR condition by rearranging a specific part of the amino 
acid sequence of the heat resistant DNA polymerase having 3-5* 
exonuclease activities. 

SOLUTION: This heat resistant DNA polymerase having reduced 

exonuclease activities is the one having an amino acid sequence of ^ S?' . ™ **** 

X1DX2EX3 motif, in which at least one of X 1-3 is substituted by other r ' iu*«r:u loawMinrwa. raaw. 

amino acids, existing in an EXOl region in the amino acid sequence of the wniu itwoicoi jirr«amia vauamv 
heat resistant DNA polymerase having 3-5* exonuclease activities. The 
X1DX2EX3 motifs exemplified by PheAspIleGluThr. For example, the heat 
resistant DNA polymerase having reduced 3'-5 f exonuclease activities 
compared to that of the natural one is obtained by inducing a mutation into 
a gene coding a natural KOD polymerase derived from Pyrococcus sp. KOD 
and using a protein engineering method. 
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(54) [&m<D%m Wgtt3&tfiSSn&W3»ttDNAjJ«U>C7— i?*«t^©ffl^ 



(57) [£»] 

IHPft^ai 3' - 5' X+V5?i7UT— t*stt^*-r 
*WHRttDNA7i?iJ/5— tfC0T= /&E3^. X*V 

1 (EXOl) ffl«IC#aET*7 5y*E?>l. X! DX 

2 EX 3 X| X2 *5«fcZ/X 3 

1 1> i t3CD7 = j m&m®7 s. ;mzw& urzmmx'$> 

9 5%^TT*^3' -5' l*V5!?l/7- 

DNA^g : 4>&< 2 0&g/tJ> 

^tt: PH8. SfCTQSt:. 6^OSaiiT10 
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[mxmi] 3' -5' x*v;^u7~tfsHt£*r 
yi (exoi) mmz&&?z>7s.y&mPL xi d 

X2 EX3 tf-7ffl^, Xi , X2 43cktfX3 ©4> 

X' & -5 £ £ £ # m <h -T 5 B f& 14 D N A # ' J * ^ — t\ 

JRttDNAiRU y 5— VT-$>Z>m*m 1 IB«©BI&ttD 
NA*U/7- tf. 

ffUB : DNA£-fi£ffitt£WU BHElMOWJlSKtKT. 
9 5%OTTJ&%3' -5' X+V**!^— - tfStt£ 

DNA-&fi£iiS : <h*>2 0«g/«J> 

pH 8. 8 (2 5*CT©»l/£ffi) 5 

SitDNA^U y 7 — Ifo 

ffsffl : DNA£riE«tt«#U eaEiWcoBJltfcJt^T. 
9 5%OTTab5 3' - 5* X*VJtfU7— Kfittft 

DNA^i$ :''>&< <kfc3 OlS/t 
l$gfi:pH8. 8 (2 5XlT'<Dfflj£m l:T9 5 
"C, 6 ilKOMIT 6 0 %Ek±<Dmtf%;&$:&m-t2> Z. 

7 : E?>J#*l2t;:Eigt©7=yg?E?iJ©x* 

yi (exoi) «*K#ffiT*7 5y*JE?>J. Xi d 

X 2 EX 3 W-7®5^, Xj . X 2 i5=fctfX 3 ©/> 
a<tt)l^©75/B*tt©73/St:«ll/fc75 

SMSDNAtK'J * 7— If. 

ffJB : DNA^jfciSttfcWU d^mFOB^lClt^T, 
9 5%«TT&-5 3' - 5 1 X^V5t^W7'— tfStt* 

DNA£fi£jgg : 4>fc<£t>3 Oi£S/U> 
IRSSttrpHB. 8 (2 5 < CT-©jU£ffi) irT9 5 
6 «rM©«lST 6 0 X£U0»£pJSttfc«8rr S Z. 

7==yS?E?iJ : E*iJ#^2fcEi&©75y&E?iJ4 I > jg 
14 0SB. Jgl 4 2#@:fc<fcy^l 4 4#g©4>&< 
1 t> 1 -3 © 7 = y & £ ftfi © 7 5 y SE I C ■ & L & 7 5 / Wt 

[***5] Efl#^2fcE*©7 5y*E?W. % 

14 2#g©X 2 (He) $7X/^*>K (As 
p) . ?)V? = >m (Glu) , 7X/^7^> (As 
n) . #)V*S.> (Gin) . Uv J > (Lys) S&tt 
7;i/^x> (Arg) £B&LfcM&lf4Ett®B!tM£ 
DNA#'J>7- tf= 



[»Jjc«6] EJHM* 2 l=E«©7 5 y SH 
14 2#@©X 2 (He) ^7XA7^>S (As 
p) £B»Lfc»#B4E*©BS!!ittDNA>!*<J*5- 
1f. 

t»*JS7] E*iJ#^2KfE«©7Sy&gBJiJ*. 
14 2#gCDX2 (lie) ££01^ 5 >B£ (Glu) 
CBtt 4 E*©BJ»tt D N Astf U * 5— tf . 

[tt;fcJg8] E?«#^2twfa«©7 = ygEE^JtK Jit 
14 2#@©X 2 (l ie) J7X/t7*> (Asn) 
«Clt*L/fc»*fli4E«tOBf!&ttDNA#U^7— tf. 

[IS*S9] B5!l**2KB*©7'5y*E5iJ<K 
14 2fB©X 2 (He) S^M3> (Gin) I: 
W&lstzm*m 4 Ett©B*H£D N A# 'J y 5— if. 

[Btaio: m&m^2\zmm<D7$;mmm<p. 

Ml42#a©X2 (He) 4'Jy> (Lys) 1:1 
»UfcW*fl|4B«©BJftttDNA*iJ^5-1f. 
[itll II E5>J#*2KE*©7 5yBE*W. 

Ml4 2#gCOX2 ( I 1 e) %7)l¥—> (A r g) 
K«»bfcBI**4E*OBJIRttDNA3PU tf. 

[»*JS12] E?'J#^2lcIE«©7 = yS?E?iJ4'. 
M14 4#@CDX3 (Th r) £A*'J > (V a 1 ) \ZW 
&Lfzm&m 4 E*©BSRtt D N A# »J * 7— tfo 

m$«i 3] 3' -5* x*v5?^u7— tfee* 
*vi (exoi) «*fc#ffi-rs7 , 5y*E5fl. xi 

DX 2 EX 3 ^-!7©-5^ Xi , X 2 *5=ktfX 3 © 

4>ts.< th i o©7 = /m*m<DTs. smzmwkhtzm 
M*«i4] TEaft^wtt»**-r4i&**nfc 

BUSttDNAtfU * 5— 1 3G10II 

ttDNA#u y 5— k £n- K-r^ie^. 

9 5%ttTTi&4 3' -5' X^VS^UT— IffStt* 

D NA^ig : 4>& < £ <b 2 0 

PH8. 8 (2 5*CT©S11S<1) 1CT 9 5 

[«^JS15] TESfl;^WttK«Wr*ak**tifc 

BJ»ttDNA#'j y 7— if* 3- K-rsae^. 

f^ffl : DNA^fitt^fL, 5St^Hff©»S(Cit-cT. 
9 5%KTTS5 3' -5' X*7 7. 2 UT—Vft&Z 

SftSttt: pH8. 8 (.2 5X:T- omfem) IZX 9 5 
XZ, 6 WH«©*lST 6 0 % W±©S#fStt^«^-TS ^ 

75yS?E?iJ : E?iJ#^2{CE«©7SygfE?iJ©x^ 
VI (EXOI) @«{C#aE-r^75ygSE?iJ, Xi D 
X 2 EX 3 ^E?— Xj . X 2 *<t^X 3 ©^ 
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fc < £ h 1 r> <D 7 5 J m. £ ftfi Z> 7 y Wt I : fi & L tz 7 = 

1 6 ] T^{fc*W1M*£*rT SBHfcStlfc 
HMtt D N A # 'J y 5 — £ =3 - K -T -5 

9 S%&.T-C3bZ>3' -5' X*Vy£U7— tfffitt* 

DNA£fi£iI« : '>£< <h=b3 0&S/# 
i$gft:pH8. 8 (2 5tTOl^f ) ICT9 5 

75/&E?>] : E^J##2(cE«OT5ySEiB?'J*. SSI 
14 0#g. mi 4 2#Si5<fctf?gl 4 4#B<7>4>&< 

t t> i ^> © 7 s. y m. £ m co 7 5 y wt t ' § & u £ 7 5 y & 

[|*«17] ft#JSl 3~1 6®wrtttf»l 
9-. 

[W*^S18] pLED-Ml$tttp 
Bluescript *5(5©^^ ^— Ta&^ttJjcfl 1 7 

is. 

[ffl*«2 0] «£SfflflS#±JI§ME. col i -Q$>Z> 
[»*fl2 1] it;JcJgl 3~1 6CDH-rtl75U JSl'fB 

£**U S«i^6.fittDNA#U y 7— tf^SHS 
T -5 £ <h * ftflt i: T 5 ffij&fttt D N A aj? 'J y 7 — tf© Sifi 

ft. 

[»*JS2 2] DNAj»ltL. dN 

t p*3«ttjci»*3S i~i2 a^-ftifr 1 JSt-ffiij^ns 
BS»ttDNAJp>J^7— tfssiss-a-T, T'^-TV-^ 

[»*JS2 3] V-*i2S(D^'J^^i7 U*?- 

KTfcoT. -^«ft!l^CODNA#fi^fi£^l!CtSffiWT' 
&S»*J12 2 gB«©&S?«!4f ft. 

[»^^ 2 4 ] Mf&njiZffttQzvk v mrmmm 2 2 

CODN A#S^fiE#J[CffiaWT*-5 2 aWT'^-f 

dNTP*5ctu;tt*5i~i 2co^-rn*u3Sffi«©B 

&ttDNA#'jy^-if. 2fiB-f*>. lflK*>£<J: 
©DNA#*£j$#rtCffl*§WT'&-5 2«C97 p 7'fV-, 



dNTP^«ty;is^i~i 2©^-rn^ i3as2«oDB 

^X^A^^fcte/fc^tf^'J^A-f BS 

[«9!©»*lfclJl91] 

[0 0 0 1] 

C*"flOJR-r*ftlB»»]- *J8»tti+VJ(i?l/7-lf 
flHt*»fi»Snfc»«MSDNA#iJ y 5— tf*«fctfSW 

[0 0 0 2] 

[fiE*©&ffi] ttfcfrS, #'J*7~tfMHRjS (PC 
R) »©tM*S*MT*a«KHV4*SJRttDNAJl*'J 

.fcffli»6na»J»ttDNA#U^7— tftt. 

• -y— ; E7-f ?7> (Thermusthermophi lus) S5fecD 

D'NatPu y ^ — if (Tth/j^u y -7 — & 77- 7 

^7^*Z(Thermus aquaticus) fi3fc©DNA/tfU y 5 
-1f(Taq#'jy 7:~£)fc£jWBV>SftT*&. 

C*l60.B«MtDNA#!J/ 5— tf«. &&© 

[0 0 0 3] fi#*«&«HS*©DNA3l*U*7 

—if, t x.«/t-f D3 7*Z-7U ^-y-X (Pyrococcu 
s furiosus) ffi^OB.fiftDNA^'jy 7— tf(Pfu#'J 
/7- tf, WO92/09689. WM?5-328969^«) , It— 
^n -y^j^. • 'J h 5 U 7- (Thermococcus litoralis)&3d 
OWJRttDNAJSU^^— tf(TliJJ«'jy 5— tf. #HJ¥ 
6-7160^^) , on-7^X(Pyrococcus) s p. K 
OD 1 S*COl^ttDNA7i?'jy 7— tf(K0D^'jy^- 

[0 0 0 4] 

S50#uy5— tf«3' -5' x+yy ^u-7-ifStt 

y 5-1f^T t h#'jy ^-ifKit^TffitlT^-S. L 

^b^^e>, cnecoBiSittDNA^u y ?—v.\w<m 

.^telSB. 0g*J£/1-f Pa<y^x(Pyrococcus) s p. K 
OD 1 fijfeCD/^'J / 7 — ff(i3 ' -5* I*Vy?U7 

[0 0 0 5] 3' -5' x*yy?i^7— iffttt^fco 
D N A#U y ^-if Srffl^fc P C R£lSCD±KIS)iS;a 
tt, x+y^i7^7— tfStt^-r^^tlcesr-5 
t#Ae.nS<. 3' -5" I+VJt^l^T-tfffitti&fe 

oDNA/tf'jy^-- tf0)7$y£e?ij<f 101+ 
yy^u7-tf»cKLTi§ianc«#$tife7sys?is« 

(EX0 I. EXO II, EX0 III . mi) . 
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i*vi (exoi) mmzitxi dxz ex 3 ^j— 

-Qh^Z.ttim^inX^^o d*lb©75./&> D£E 
£+tt7 5/8T-£-5A (75x» \zWm?ZZ.ii\Z 
ctoT, 1+77^1/7- tffttt£*&£fctel7J7i-© 
1 ElTfcffiatS-fr* ^tWlft*ftT^5 (Kong£ (199 
3). Journal of Biological Chemistry, vol.268, 1965 
-1975). LfrL13.ifi*>* Z.(Dm-&\t3' -5' X+y* 

©^©lE&tt^ii^^lcPplil^&r). frfe&BilMiD 

NA#U/7-ifmSint^S:. 
[0 0 0'6] 

[PSS£fi?fc-f-5/ca&©^©] f^T. #fS9§#£te 
3' -5' X* 7**1/ 7-— tfett**r-r-&B}RttDN 
A#'J*5— tffc*V»T, K»*OEX0 1«*t?lFa 
•TSXi DX2 EX3 ^rf 1 -?©?^. Xj „ X 2 43«fc 

tfx 3 ©'>&< t>b io©73/l!£te©7sy&t;:B 
ataiifcio. flMrfc3SS©3' -5* 1477^ 

*cts^.v»aibfc. sc. zn&aaESftfcBJiftttD 

[0 0 0 7] *«91tt3 ' - 5 ' X*y*£ 

U7— l?»tt*#-r*BJI!MtDNAJt«'J^7— tf©7 5 

/&iajij(K x*vi (exoi) «*»rfiFa-r*7'3 

/KE#I. Xi DX2 EX 3 ^-y<Do%. Xj „ X 
2 i5<fctfX 3 ©d>&<<hfcl-2©7S/&£ffi©73/ 
*K«*Lfc»*Taaci£4*«fcTSWJlMtDNA 
#'J j*7~fcfT&S. 

[0 0 0 8] *^HJ«3' - 5' X^yja.^UT 

— tfflrtt*Wf *BJIfcttDNAJl*'J ;* 7-t'©7S/t 

EWf. i+vi (exoi) flMtKSFttTSTS jwl 

E?"J, Xj DX 2 EX3 =E?—7<D?%* Xj , X 2 *5 
<fctfX 3 C5^a<it)l^ffl7SKtil!!075>'ll:i 

*LfcBj»ttDNA#u/7— nrsae^T 

[0 0 0 9] aMSfliMJiKae^ft^^-fcJf ALfc 
[0 0 10] *3HHtt±£»gTft'S**-l;:|f ALfc 
fctttt ASSIST* -5 . 

[0011] *»Mtt±aaae^t'<^^-jcjf ALfc 
u * 7 — am-rs z. tz&mt-rz bjmsd n a# 

'J* 7— £©«»&-?**. 
[0 0 12] *%ittDNA^IiL, 7-7 -f 
dNTP*.fctf±EB*kttDNA#U*7— -tfSKJtlS 



[0 0 13] #5MHtt. -J0^7-f V-ifl&ljO!)?? 
<7-«5DNA#SfeS*l:1i*»T*5 2HDy7-f 
■7-. dNTPi>J;tflMcJSl~l 2©V»fn*lflE 
«©BS&ttDNA#'J*7— tf. 2flfi-f*>. 1 <ffi-f =T 

[0 0 14] 

[fgBJ©SS6<i#] *56WOB«fettDNA#U/7— I? 

a. 3' -5' i+y?!.?i/7- tffitt**rr*B.«tt 

DNA#U>7- K©75 /BEai'P. 1*7 1 (EX 

01) m%uzfttE?z>7 5. smmm, x\ dx 2 ex 3 

Xi . X2 *3J:tfX 3 ®'>a<ifel 

XiDX 2 EX 3 ^E^-^Sr-^tJX^V 1 (EXOI) 
®«E?:ft5illttDNA#U/7- tftt. *-©eifg£ 
ffifcfcH. flIAti. /Hn^7*X-7'J ^-y-^ (Pyroc 
occus furiosus) SS5©BgittDNA7p'J ^ 7— tf. It 
— ^ziyjjX • U h 7 U X (Thermococcus litoralis)B6 
*©B*M4 D N A# 'J * 7 - / W □ 3 y * 7, (Pyroc 
occus) s p. KOD 1 &*©B8MtDNA#iJ.*7 — 
tf. U— ^ h^f • vU^TdheriDotoga maritima) fi* 
Oiltt DNA*'J^7-Kl5:f!j»«S3ft5. 

[0 0-0 1 5] #5g9m*. 3' -5' I*VJ!i?l/7 
— tflSttfc^-rsBJBHtDNAJHU *7~ tf©7 5 ^8 
EWK I+Vl (EXOI) M«t'#ftT^>7=ygE 
E#l, Xj DX 2 EX 3 tf-7ffl?%, Xi . X2 *J 
<fctfX 3 <D'ptZ< £*> 1 0©75 7&&ffl©75 7SE(C 
B^-r^dtfcioT, &^M©INSll;:it^T. 95% 
£TF. L<«9 0~0%T&-53' -5' 

/&©«str«£7T, a*©3' -5' x*y^u7 

— tfffitt * -5 B3M£ D N A # 'J ;* 7 — tf 6 ft 

[0 0 1 6] *%w<D~nmmutvT\z, 3' -5* 

X* y jt £ U7— i?»tt**-r-5BJ»ttDN AsRU * 7 
— tf®75yBE5<J + . J*yi (EXOI) 
*E-r47 , 5/BfE5>J. Xi DX 2 EX 3 =£3—70)0 

X\ . X 2 ii<fctfX 3 ©*!>&<<!:*> It3©73y& 
ti©7S /ltMH/fc»*T* 0 . TIES 

ft* WttM ft 5 $ nfcB^tt dna#'j^7- 

9 5%£tTT*S3' -5' I*V5l^U7— tf«tt* 

D N A^f&mm :'J>U<£h2 0 

Iftfitt: PH8. 8 (2 5t:T©ilJ^ffl) 1CT 9 5 

[0 0 17] *5E9H©9J&*«MB«d:LTtt. * 
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5> \Z TeBSfl^WteK £ fTf -5 £ ttfc Bf^tt D N A 

9 5%J£TFT&£3 ' -5' X+VS^UT'— tfJStt£ 

DNA^fElg : 4>ft< £^3 0&S/g> 
&£5ttt:pH8. 8 (2 5 "CT'CDffl^ffl) \ZX 9 5 

[0 0 18] *»H®*J&5M6*«£LTtt, TSBS^b 

9 5%tATT*^>3' -.5' X* V* ? W7~t?«tt£ 

DNA^UaS : tt> 3 0&S/g> 

i««tt:pH8. 8 (2 Sr-eofij^ffl) CT9 5- 
■C, 6 eiBCJSlT 6 0 %£t±©»#»tt ' 

MSfig:^)7 5t 
tH^M : 8 8~9 0 KD a 

75 /*ffi5« : E^#^2 KE*©7 5 / ME90OX* 

VI (EXOl) ««KfiFSE-r*7 5VME5!. Xj D 
X 2 EX3 705*,. '>ft<tfclO(?)7 = /f 

[0 0 19] 3' -5" X+VSC^UT- 

■tfiStts^r-r*BJ»ttDNAjj?u >i 7— Scot's y*E 
i+vi (exoi) mmzmfrtzT-ymM 

m. Xi DX 2 EX 3 tf-7iim WMPhe 
Aspl leGluTh r#&-5>„ 

[0020] *%w<D~mffimmt itn TtESHt^ 
WttK * wr * s nfzwtm\& d n a # u ^ ^ — t? & 

9 5%firFT*£3' -5' X*y5t^U7— fe'SttSr 
&£?£tt:pH8. 8 (2 S'CTWjHl^ffl) (rT9 5 



A : 4 OmM 
1 6mM 
1 5mM 

1 0 0 u g/m 1 
B : 2 u g/u 1 
C : 1 . 5mM 
D : 2 0% 
E : 1 u s/ U 1 
[0 0 2 4] *%^IC*5^T. 3' -5' X*V*£U 

7— t'fsttttt. dna©3 ' st&MMt&gii&u 5' 

5£ftte, 50/i 1 ©SlSSE (120mM Tris-HCl (pH8. 8 at 



SifiSg : *U7 5*C 

: 8 8 ~ 9 0 KD a 
TSismmPl : E^J#^2JCE«»7 5/^EJ|J+. 
140#1, 311 4 2#@i5<fctfSill 4 4SI©'>6< 

tbi-2(DTs.ywi&me>7s.smzw&Lrz7s.s& 
mm 

. [0021] *mWV>2t>lzm#fcMtLTte. EFJS 
^•2lCffi«©7Sy^E?iJ4 ] , mi 4 2#1©X2 (I 
1 e) £7X/l7*>& (Asp) . y)U^5>^ (G 
1 u) , 77.y<iy3f> (As n) . if)V9S.> (G 1 
n) , 'Jv> (Lys) $t«7Mr> (A r g) 
B& L fcBJIfttt DNA^U^7 -If U z&mif <=> n-s . 

E?>J#*t 2 KfE«»7 5 S144S 
SC9X 3 (Th r) £A*'J> (V a 1 ) iCM&LfcBlgi 

[0 0 2 2] *^BJIC*5^T, DNA^jSffittiliHi 

- DNAK7X— ;panfc:*y=f**U:*^h*Sfctt#'j 
XfVtf K<0 3' -t K n + ->)USf;: 

[0 0 2 3] -tOJSfiHfltSstt. 

3UT?tt, T8BA&2 5/il. BJSi5<tO:c^5 m 1 
•fctftg^Tk 10yl^l7'<> \ t )l7^a.--7\zmz.T 

mwme>Lfz&, ±.m&mm5u 1 ^mt7 stcti 

O^SJST*. Ei$5 0# 1. 

1 0 0 At 1 £ira*.T. SStl O^-WSK^T 

^CDJg^^^^^-T JU^— (7 7^>GF/C7 

</ty*-K&«) Ttr«!lU i^DNA^©;* 
u©MTT3 0#&fcO 1 0 n^JUCD^U'Ji-^KS- 
s -HC 1 (pH 7. 5) 



T r i 
BSA 

Sttffcff^lfcffilDNA 
dNTP (2 5 Ocpm/pmol C 3h] 
hU^DDftif (2mMtfDU 
+ U 7 — DN A 

25*0, lOmM KC1, 6mM 



dTTP) 



8SK7> ; ex>7A, lmM MgCl2. 
0. IX Triton X-100, 0.00U BSA, 5 ug h'Jf'JA? 
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'jKlZ^r-v 'J T— <h LT. 0. 1 %<DB S A£ 5 0 u 1 ilO 
HJ 1 00/i lUtf-g^f*. *±T1 5# 

sutg. 12,00 one-el o^k^la:®^ 
#grr5= ±«i o ow i ©iJcWfttt^^^^^i^- 

->a (^y*-H4t«) Tff-SJU gWg 

[0 0 2 5] *$g9JI;:4JV»T. DNA-^EEiiSiti. * 
<4B$P a Wc9©DNA©£fi£&£^?. ^©SDtftteD 
NA^'J — tf©Sl£;S£(20mM Tris-HCl (pH7. 5), 8mM 
J£ftT?£f*->£A, 7.5mM yft^K I — 100 /z 
g/ml BSA, 0. lmM dNTP, 0. 2ixCi [a-32p]dCTP) ~f 
5-f?-£7x— »J yt/Z^TzM. 1 3mp 1 8 1#&D 
NAi7 S-CT-KJC^It^. ixJ&#lBi^»©£j£;f?lt 
fl£ (50mM ?KB£'f£'7~ K'J^A, lOmM EDTA, 5X — 

;k o. 05« yat7xy-;i/yji/-) £ in*. 3 

9fT5. ±l2SJSt3T^$tl/iDNA*7;U*UT^ 

bTte5^;ULfcA/HindIII£fflV>-5 0 ^OV-^-ffl 
A>K*»«£l/r£jSSn&DNA©1M' 

[0 0 2 6] #36Wfc*3V>T, &££f4<h«, pH8. 
8 (.2 5X:T<Dmfe1&) KT9 5t;, 6 ^©MST© 

[0027] dn & ©afcxsn&**saarr soffit 

D#U fc?lClt^T3 ' -5' X^y^UT— if 

[0 0 2 8] ^&£iSA-f3fcie>«KOD;tfU*^-- tf 
MMWM.\-t, aa>v*7.(Pyrococcous) s p. KO 

[0029] *fmw\t*nmBmt* mvmm ce 

IT, ^IKOD#'J^7- tftCtfc^TS' -5" X 

[003 0] xiiKOD^u^7- traeTir^gs- 

T"i*3„ 0i!A«?c3SSJKOD/p'J*7-— tfae^DNA 

zjjtikttufrz, s&ii^mu^m. Mz-ttPCRm^ 

C:SfttfU£;iS*Mfi«JBlr>fc in vivoT©£g©&A 
*%mT'&mVtzJ3*\/*> site-dire 
cted mutagenesis+y h (X h -J— >#§?) ite. 



(1) ■§«tT4aef*»AUfc^7A5 Kfc*tt£ 
7x-iJ>y£-tt5 0 (2) *ICDNA#U — fc'T'D 
**ff3. (3) a8t:75-fv-«fl:H¥iBEL&na». US 
BfrU MOlfXSftTliftliDNASfflllfrs. (4) 

r*-c*ira*»jM6a-r*. (5) 

#mE8M*A»S£»:77*5 (3), (4) £8 

[oo 31] ±esaM?'j*7— «te^*'<i'3'-c 

>*0SIMS^tf*3c**jfcMiU 3nx-£^e££ 
■8-4. 3 n 0V*.tfLBi&Jtrt>2xYT 
*ttK»«U 3 7tTl 2-2 OI6W*«Lfc». B 

mzmm* ^^.ss ot. 3o#m*i3u 

©#U*5— tffcffeSSl*, DNA#U*5~tt£tt« 
MiTT*. ^I'3' -5' X+V^i'UT— i?«tt«r» 
S£U H#©etttt***«fflKOD#»J*5--tf*it 
W5utl:J;!J. 3' - 5' l*V??l/7- fcffgtt 

[0032] ±E^ftc«toaftsnfc»aca»6»«D 

ft*ffll»T"bA<. «*.tfTE;!5rfeft**-5. 

0l*.tf8 OX:. 3 0#|H|«ia 
U ^©&. tt*itlR»'J:0KOD>l?'J^7— £B#* 
HURTS. £©aiMSttfc-fe:777 s vi';*G-2 5 (7 

SrfT 5ut*iT#5. C©.Sf^©^. Qt77P-X. 
A/tU >t77D- 7./i<»:©7J5Ai7 PV h^7 7.^- 

S. ^oaS^SSUSDS-PAGECiotlfS 

[0 0 3 3] *^^©3fe^^nfcSB«H4DNA#'J^7 
— tf$rffifflbT. DNA^IIStL, 7"7-f?-, d N 
TPSrKJSS-ttT, y^-f V-Sr<^S IT, DNA7"7 

10*U^^l/tf KT^oT. 173«te7j©DNA 
A#U*5--ett. ^©SttS-^T-SfcfelC. 2ffi< 
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mmmn^zn^<D^^>^tsth\z, bs 

A. #-f * >#ffi&tt#J. #|AtfTriton X-lOOiSitfig 

[0034] *%wo&mmt%mumz* — #©:/5-r 

•dNTP*±Qf±EiittDNA#'J^7- 
tt/*J:rX*»J BSAi3«fctf#M":*>#® 
[0 0 3 5] *K*««*ffl^T*»9!SIJi9rr3. 

9 5"C{CT««^, ®^^0JRLfc„ »6nfcf#*6 
flfjfcKftlr*. g&«tte£ttKODtt0%fittDNA&n 

SLfc. /W nn-y^X • 7 U (Pyrococcus furi 

osus) tS^CDDNA^U*? — tf(Pfu#'J^7— tf) © 

«#»i*7 , 5/*ej!ik:s-^s. 2«©:/5-f v-w- 

GGATTAGTATAGTGCCAATGGSSGGCGA-3' *5j;at5' -GAGGGCAGA 
AGTTTATTCCGAGCTT-3' ) £"&J5£ Lfe. C <7) 2 S<59 V 

-&&mL. mMLtcDNA&mmtLT, pcrsis 

[0 0 3 6] PCR«MiDNAWH-©*SEW*ft3£ 
U 75/*E5B**JEUfc». ^OitttDNAWfM"* 
^D-7iLT, KODl4*SI&ttDNA«||BIMG&9 

NAi|?U ^ 7-ifS3 - KT5»rfrCD^^*»fc 
(»4~7Kbp) . 3 St. ©DNABrH" 

(E.coli JM109)£J£Hfc&LT. ?7 <J -£f£S3b 

E^-fy^U-*^, KODlftft*©DNA^U^7 
— fc'«eT£ ^TT * 1* A 6 tl5 £ P- >m (E. col i 
JM109/pSBK0Dl)£K#L£. 

[0 0 3 7] IfcffLfc^n— (E.coli JM109/pSBK 
0Dl)«t 0^7X5 h\ P SBKOD 1 *0iRU flfttfc: 

*^TS/»E5iJ*Jft5tbfc. KODltti*ODNA 
#'J*5— - ^»e^H5 0 1 0tt£A*5&9. 16 70 

[0038] ^ft#u/9— tfae^tf^rt-r-sfc 

». 2 ®f?f ©5>ffiE5lJ (1374~2453bp:27 



08~43l6bp) &PCRH£&£,fc9ttr)|S*b> 
fc. PCRI^fttrll 9 EJRLfc^X 

5H*»SK. 3S©^7-f7-M^btT. 
PCRfcffH. ^ffiE5flt»l>fc3WfM-«rli«bfc. d 
0®. PCRCffl^*^5-f moWrft 

fc, WMK»a#J*fc«IR»*tM' h (N5fcSg<ffl : Ec o 
RV, C*SM: BamHI) jMMai£*i-5 .fcpKKH- 

awfrt. N**«fctt»-rs»?tt-e«£u pcrs 
is±, fp^icfis-rsKn-t, c*as«i;:ttirr.5«H- 

£il£U PCR£&*©Brtf-£:7 p 7l'-?-<i:LTfr^ 
fc. £©«fc3KLT»Sft&2«©Brtf-Sfl|l,vr»flEP 

CRfcfrH. n-tEsmtmotofrti, N*SI:EcoR 

V, C*«l:B amH I U-'f hStt4KOD lttfi* 
0DN A# >J * KTS^^JROae^Hf 
MIC, iief*T7ynt-^-T^ 
$Bjflgfc3B^C?*— . pET-8 c®Nc o I/Ba 
mHIt-f h, fcK«WUfciWR»*lM h*«JBU 
-y-y^7P-->^bT, — (pET- 

p o 1 ) Zmtzo &*5> E.coli BL21 (DE 
3)/pET-poltt. *#X¥XlS©f^Rlf^«K^ 
nTlriS (FERM BP-5513). 
[0 0 3 9] gjjfiffil 

»&&ttDNA#U*7--££3HE-r*fc«i>IC, ^5 
KpET-po 1 si^KOD^U *y— tfae^F £#J0 
mb. pBluescript \z*j~?!? n— ~ >i/L 
Ac. -Tttto-fe p E T - p o 1 X b a I <h B 

amHI (JK&jffiS) T«B«U 2 . 3kb©KOD 

#y*7— ttie^twomLfc. ^jcn©DNAiw>Tr 

<&7-f y— ->a h (mffSJS Ligation high) £ 

ffil^T. Xba ItBamHITMLfc^XiKp 
Bluescript SK (-) tl^Lfc. 
rpH5©a>tf5 i > h-b^ (aCPMSS! competent high JM 
109)S/flViT#JME»*fT-3ifc. 100tfg/ml®7 

>. 0. 5%1'-Xhl+Xh7i'h, 0. 5%mt-t 
1. 5%*^. ^yntkS) T3 5tT16 

fc. S6C gC5J-ffi»E?iJ^fil^LTKOD^'J^7- 
Vm&?£<atS77XS. KpKOD ltffc. 

[0 0 4 0] 11^2 
tt£gj?afe? (IN) g)ffgfeJ:tfi>gg»ll!HtDNA 
al?'J^7--gflP«li« 

^iSS^lT^Stl^y^XS H pKOD 1 SrffiViT. K 
OD#iJ/7-tfCDEX01I«C1SfftnXi DX2 

ex z^—y<oo%. X2 o-fya<-/>*77/^7 
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$t)^7X5 K£fP§3l>fc (pKODIN) . f£§3li 
fit U^">si te-directed mutagenesis^^ h (7>h7 
*S>->ttB) ZR^tz. ^fttt5fS^»JC0Si;TfT 

o^7-fv-^^fc. ftfc. £g#©{8i§teit*IE?iJ 

(Dmnx-ff^fzo m^ntzzfyxs. kt-*s§mjmi o 

9*^«eil/, JM109 (pKODIN) 
[0 0 4 1] MISHILfcl 0 0/z g/m 1 ®7>t"> 
•J >S^fc'TBSi (MolecularCloning . p. A. 
2ICI2«) 6L$1 0Lvt-77->>^-CMl/ 
£. ^OigffilC^* 1 0 0 u g/m 1 ©7>tr->'J 
#A,£5 0m 1 ©LBiglfe ( 1 %/\*^ h H U ^ h >. 
0. 5%^-XM^h7?h. 0. 5%mti-bU 

IM109 (pKODIN) (5 0 0m 1 
(RX) 



f&ft&mW. (10mMTris-HCl(pH8.0), 80mM KC1, 5mM 2- 
y-Jk loN EDTA) ICK8S&. jBffttffi 
iC±oTi#tW*b. *IBS§5£#ffi£#fc. JfcK. SB 

□ *fft», IC (50mM Tris 

-HCl(pH8.0), 50mM lift* 'J =72*. lmM V-i h 

— ;k 0.1STween20, 0. \%J —TV hP40, 50*^ 'J -fe U 
» CB&U SHESBJRttDNA#iJ*5 — fef (I 
N) ±EfSlt©DNA#>J/7- tfettSS 
Jttt£TF©»frcfT:3&. 83gf§tt^iiSV^'&fc 

[0 0 4 2] 



A : 4 OmM 
1 6mM 
1 5mM 

100tf g/m 1 
B : 2 u g/M 1 
C : 1. 5mM 
D : 20% 
E : 1 u g,/ti 1 
[0 0 4 3] (JS) A«2 5)il. BKiitfCKft 
5 m l*ct^SSS*l 0u 1 *Iy^>H;l'7fa-^ 
KlnATlI#fi^», ±E3RM&3tt5 u 1 SriPAT 7 5 

1 . DjglOOM £*D*.T. 0#ISISk 
ftf-So CCDffi€:^7^7^;i/^- (77h7>GF/ 

(^-y*-Htt«) TfrSlIU HfDNA^O 

S^O^ftTT3 07>Sfc0 1 0 n^JWDZtn/ttF 

[0 0 4 4] SMEW 3 

(IE) ag^tPfE«J3J:tragiH»ilM*.DNA 

HSS0iJ2 ira«©7jffitCT, KOD^'jy 5— tfCDEX 
O l«^IC#ft-r-5Xi DX2 EX 3^-7©^. 
X 2 0'fyn'f->>£^j|'?3>ttlcnaL£BJI!kttD 
NA#U/7— Wte^tfPMUfc (pKODIE) . 
3*? 7° 5 -f "7 - £ b T «E5iJ#^ 4 \z §2*i© 7° 5 -f V - 
*»:/7-rv-H;E5i|»-*6fcE«©:/7 
-fV-tfflUfc. MIC. Hffi0«2£m<i®fitg75ffiKT 
&X£Blfe1£DNA#ll.* 7— fef (IE) 
[0 0 4 5] jlfiSgiU 



Tris -HC 1 (pH7. 5) 

y^XKI — ;P 
B S A 

SttWUlDNA 

d NT P (2 5 Ocpm/pmol C 3 H] dTTP 
HJ^nnfflsR (2mMtfDU>K^-hU'7A) 
*t'J7-DNA 

*JfiM2£Htt©2Ftel::T, KOD#'J^7 — fc*© E X 
O l®«IC#£-f 5X] DX2 EX 3^?— 7© 3 "5. 
X 2 ©-f VD-f-»JW5 >IC«»bfcB3»ttDN 
A#U^7-^lfiWSLfc (pKODIQ) . S 
iR7"7< V-£ LTttffi?iJ#^4 fcE«©:/7-f V-« 

-?-&m»it. sic. 2 tp^w^ssTJtetcTes: 

*S!BJIMSDNA>l*»Jj<7— t? (IQ) 

[0 0 4 6] sasws 



(ID) «g^©fEBfttfafcga!B»ttDNA* 

*K«2£H«©2rftk:T\ KOD#'J^7- tfflEX 
O lM^lCfjMfiE-fSXi DX 2 EX 3^-7©?*.. 
X 2 ©-f VD>f>'>ft7^/t7*>Bt:«lftL,fcB3»tt 
DNAjJ?U^5— (pKODI 
D) . MR^-f v-tLTttEJWMKE*©?** 

©y7-fv-*fflir»fc. hjc. &&m2tmme>mmjj 

ffiCTaMBJRttDNAff'J.* 5— if (ID) £t§ 
[0 0 4 7] ^tSg!16 



jggtt (IQ) ag^PfEgfttfBHEfflBttttDNA* 



£JI<* (TV) *fiT©fEBRtfBMESIBaMiDNAaK 
■J*7-g©ttg 

*»«2£H«©36FttfcTEXO HB«C#ttT*Xi 
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DX 2 EX 3*9=— X 3 ®^n->>£7\*U > 
\Z b fc WJRtt D N A # U * 7 — If ite^ £ fES L fc 
(pKODTV) ) . 

5»<*9lcE«<!)y7-f7 , -tffllr»fc. MIC HSS0iJ2 
t KTefcSJfflWflMtD N A # 'J * 7 — 

(TV) Jit. 

[0 0 4 8] HiSgiJ7 

■$mw2 tm&ojmnzxExo im*ktzw&tzxi 

DX2 EX 7<DX<Do%> X2 OQ-f VCXv> 

£ 'J S»C«JJlbfc»SftttDNA#'J * 

fPKLfc (pKODIK) . IS{y7^7-tLTBE 

«S«2 iW«©««^FttfcTi*aa!BJftttDNA7|«g / 
7— t? (IK) 
[0 0 4 9] 3lfiSgi]8 
^Sft (IR) 3tfi^CDfEgR^gg!B*M$DNA:iK 

u *7~ M(Dmm 

DX2 EX 3tf-70XO5^, X2 <D-fVD-fy> 
J7Mr>l:tilfcfittDNAJ)?U^7- wte 
TfcfftBLfc (pKOD IR)). MR y^-i •?-£ L 

T\m.vmm\z$imv>7y-i -v-z&mLtz. tsy 
7-<-?-\m.mm ! >%$\zum.<D-7?-i-?-*m^ti„ h 

\Z. ^tt«2d:ra«0*«*jSfeJCTaSCaBllftttDNA 

#U*7--t? ( I R) 
[0 0 5 0] Ht6gi|9 
&%?S»Bj&ttDNA/K'J ;* 7— tfOX^V * ? 1^7— tf 

±IBHJSCT 2-8 T»SttifcBMEl!»J!MtDN A#U * 

Lit. *t!H£bT. ^IIOKOD#U^7-f (JKff 
«SSS) Jffl^feo 5 0 y 1 (Dfcfcifc (120mM Tris-HCKp 
H8.8 at 25"C), lOmM KC1, 6mM ffi!t&7 >^EX^ A, lmM 

MgCl 2 , 0.1* Triton X-100, 0.001* BSA, 5/zg MJ 
^^A7^JI/$nfe7CM»DNA) £ 1 . 5mlCDl7 
^>^i-yiClr»ttL» ±iEDNA#U/7— tfS-t 
nfno. 5 ax -7 K lax-yK 1. 5^ 7 hfln 
7 5tT10M5f£j$Wc. 5K^lC=toTS^ 
£{9iLU '£l\Z*\))7— £LX0. l%OBSA*5 
OmlM. ££>»;: 1 0%<DhV?nnm&. 2*eD'J 
>St- h >J 9AJ£tt& 100(il SOAJg^Lfc. *±T 

1 5»Mlftft. 12, 0 0 OIHgT'l OftmiM'bV 

ttrnzttmLfc. ±11 0 0 n 1 ©i!(fcfffitt£ig#->> 

^U--> 3 (/fyft-Kftfi) TfrSJU 

2 IC&D N A# U / 7— 'J ^ 7— tffStt £ D N A 



Ofr&lg^Lfco W.tZ^f*MOKODiiH) *?-1f£ 
<DX*7*f U7~ rfr5ttC9ttSr0 3i:5KLfc. :0i 
^li^^tcin^^^^^os' -5' x*y;x? 
1/7- riett£WT-5»l»ttDNA#U ;* 7 — MfiftZ 

- 5' X*V.*irU7— tfeftlC^LT, I Ntt»9 5 
%. IEH£»7 6%. IQ«*56 4%. IDIJS5 2 
%. TVte3S}4 8%. IKteS$3 0%. IRIiD0%© 

[0051] mmmi o 

8[fIDNA#U / 7— feffl^fe P C R 
^IKOD#U^7- S fc t3&£g»Jft& DNA* 
U/7-t'IN, IE, I Q, ID, TV, IK, IR 
£ffll^T. PCR£j££fTofc. 5 0mlfflS^ (12 
OmM Tris-HCl(pH8.0 at 25*0, lOmM KC1, 6mM ffit&7 
> ; EX^7A, lmM MgCl2, 0. 2mM dNTP, 0. IX Triton X-l 
00, 0.001* BSA, lng (DMmMMS c a I TiS^ttlCL 
fc^7X5 h*pBR322. 1 0 fcfll^l/OE^JS 1 2.13 
IB«co:7°7f-?-) K&»5St£2. 5a-7hMTP 
CRKJ&SrfTofc. it— VJUit-f i?7— «/t-^>x;U 

J 2 0 0 0 Srffl^fc. 
«94t:. 30g>— 68*0. 2#3 0fJ>£2 Sit'f 2)1 
ft-Dtz, g-fc. Taq*'J^7-f feRMX 
ilLTPCRS^SrfTofc. fcfc'U £ftttfeJ$tt (10 
mM Tris-HCl(pH8.8 at 25 "C), SOmM KCl,1.5mM MgC 1 2, 
0.2mM dNTP, 0.1* Triton X-100, lng (DfflmMMS c 
a I X-mmVUzVfz-y.yXS. KpBR322. 1 0 tfn^EJl/© 

mm&i 2&iztfi 3um.(Dzfy^^-) xn-otz. k 

m%kT&. 5m\<Dfcfom\Z-D^X7-ttu-7.?)in% 

fc. H4ir7^n-xy;i/*^*»o^*j^bto c 

&^DNA#'J ^7-tf I N, IE, I Q, 
ID, TV, IK, I R JIWPCR £fTo£*§£, 
7^iIOKOD/|5 'J A 7— tf*ffl^*«k 0 

[0 0 5 2] HtSgiJ 1 1 
gfc^gjDNAff'J ^7— tf(DPCRTg)DNA^B£g)iF 

7C^S!OKOD!j?U/7- tf, efe^SWfittDNA#U 
^7-€lE, ID, IK. I R&cktfTa q#U^7 
— tftCO^T. PCRTODNA-&Bg<DiE{Stt€r{ilTO 
^fetCTS3^Lt. y7X$KpUR2 8 8 (Current 
Protocols in Molecular Biology 1.5.6(CIBK) &fflfB. 
mms c a I T«J»fLfc. ^«Z>7°77.5 1 n gffl^ 
THiSCSIl OEiO^St^O^SCTPCR JfT^ 
fe. 5^7^, 5 u 1 OSiE^lro^T7^n-xy 
;U«aacft<£:ff^. «J5. 3kb<D?-yv r-OtiiliSr«gi8 

L. ^KXiS'y-^etJSSfToJt. «tK«S£<S^ 5 0 m 
ICOH i ghA'';7 7- (50mM Tris-HCl (pH7.5), lOOmM 
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NaCl, lOmM MgCl 2 , lmM DTttllftftFLfc. ZblZftmB (t*5-ff7 

IScal (3K8M&H) £ 1 oar 7 HSDAT. 3 7*C /^hh'J^h 

Tl 6HffS]£&£it£. 7^D-X^;U«^fic»){CT@ 0. 5 %i£{fc:J- 

WOil*IS^Sr»Slb, -eoge^OT^D-^^^Otii T3 5"CT16 

CCD7^D-7.*^v ! ->5"J->2 (BlOlOltt DUR2 8 8H 

§3) £ffl^TDNA£*S§3L£:. SSLtDNAl On -fcf) 7&t#£T-5 

g£l 0/z riC/ t £^>«t^lCTEA*->7 7- (lOmM Tris- iZfttitltzm-S 

HCl(pH8.0), ImM EDTA)T##?U 7-fy->3>*7 -f&. igKDN 

h (*£N*S3 Ligat ionhigh).CSlBSl TK>:3— h"f-5 

0« ISrimATI 6"CT3 0 Lfco ^rUSKcD tt*£LfcJ§-& 

3>tf-x>Mr;i' (3Ri¥$5§3 competent high JM10 fiTT^. 

9) fcm>T»fHE«£ffofc. -<hLT, 

[0 0 5 3] 1 0 0Mg/mlO7>t:-> l J>, ImM 
0-fyyDej^-j3-^7?hyK (IPTG. ±tiy [0 0 5 4] 

-T^X^aS3) , 0. 7%05-7nt-4-i'DD- [SI] 
3— f >h*UJI/-/3-D-#^ h->H (X-gal 



*tt§2) ) *^A/fc*LB*3c«Jft (1% 
>, 0. 5%-f-X M+X K 
h'J^A. l. 5%«^. ^^aasi) 

Ulac Zlfif (0-ii7>7 bi^y- 
. g£oT, PCR4>©DNA£fi£#IEm 







KOD 


IE 


ID 


IK 


]R 


rTaq 






2394 
19 


3267 
S3 


4861 
148 


2828 
362 


1197 
299 


2«t 
795 






0. 79 


1. 9 


3.0 


12. 8 


25.0 


28 1 



[0 0 5 5] *li:SLftJ;5l:; **91T»Sn&3fc 
MittDNA*U^7- if I E. ID, IK, IR 

q#U*5— tf«fcQ Ta:t)^DNA-&jac 

[0 0 5 6] 

ococcus)sp. KOD 1 fi3fecDDNA#U — tfOD 

B^RKit^TS" -5' x*V*i^7--iflgtt*ffiT 

fc, DNA^«aa^>a<i:b2 0l*/»T*7 
T> PH8. 8 (2 5TCT©iH«ffl) Kr^S^C, 6 B# 



[0 0 5 7] 

ffi^tJ#^ : 1 
E^iJcDg^ : 5342 
EJiJOS! : mm (DNA) 
HOIS : 2*H 

E?»Jcoaa : genomic DNA 

tt« : KOD 1 

156-5165 P CDS 

1374-2453 rfrfte^J 

2708-4316 ;frftE#l 



mm 

GCTTGAGGGC CTGCGGTTAT GGGACGTTGC AGTTTGCGCC TACTCAAAGA TGCCGGTTTT 
ATAACGGAGA AAAATGGGGA GCTATTACGA TCTCTCCTTG ATGTGGGGTT TACAATAAAG 
CCTGGATTGT TCTACAAGAT TATGGGGGAT GAAAG ATG ATC CTC GAC ACT GAC 

Met He Leu Asp Thr Asp 
I 5 
TAC ATA ACC GAG GAT GGA AAG CCT GTC ATA AGA ATT TTC AAG AAG GAA 
Tyr lie Thr Glu Asp Gly Lys Pro Val He Arg He Phe Lys Lys GIu 

10 15 20 

AAC GGC GAG TTT AAG ATT GAG TAC GAC CGG ACT TTT GAA CCC TAC TTC 
Asn Gly Glu Phe Lys He Glu Tyr Asp Arg Thr Phe Glu Pro Tyr Phe 

25 30 35 

TAC GCC CTC CTG AAG GAC GAT TCT GCC ATT GAG GAA GTC AAG AAG ATA 
Tyr Ala Leu Leu Lys Asp Asp Ser Ala He Glu Glu Val Lys Lys lie 



60 
120 
173 



221 



269 



317 
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40 

ACC GCC 
Thr Ala 

55 
GTT CAG 
Val Gin 

TTT ACT 
Phe Thr 

CAT GGA 
His Gly 

CGC TAC 
Arg Tyr 
120 
CTG AAA 
Leu Lys 
135 

GAG TTC 
Glu Phe 

GGG GCC 
Gly Ala 

GTC GTC 
Val Val 

AAG GAG 
Lys Glu 
200 
GAC TTC 
Asp Phe 
215 

GCC CTC 
Ala Leu 

AGG TTT 
Arg Phe 

GTG ATA 
Val He 



GAG AGG CAC 
Glu Arg His 

AAG AAG TTC 
Lys Lys Phe 
75 

CAT CCG CAG 
His Pro Gin 
90 

GCA GTT ATT 
Ala Val He 
105 

CTC ATA GAC 
Leu He Asp 

ATG CTC GCC 
Met Leu Ala 

GCC GAG GGG 
Ala Glu Gly 
155 

AGG GTG ATA 
Arg Val He 
170 

TCG ACG GAG 
Ser Thr Glu 
185 

AAA GAC CCG 
Lys Asp Pro 

GCC TAT CTG 
Ala Tyr Leu 

GGA AGG GAT 
Gly Arg Asp 
235 

GCC GTC GAA 
Ala Val Glu 

250 
AGA CGG ACG 
Arg Arg Thr 
265 

GCC GTC TTC 
Ala Val Phe 



45 

GGG ACG 
Gly Thr 

60 
CTC GGG 
Leu Gly 

GAC GTC 
Asp Val 

GAC ATC 
Asp He 

AAG GGA 
Lys Gly 
125 
TTC GAC 
Phe Asp 
140 

CCA ATC 
Pro He 

ACT TGG 
Thr Trp 

AGG GAG 
Arg Glu 

GAC GTT 
Asp Val 
205 
AAA AAG 
Lys Lys 
220 

GGA AGC 
Gly Ser 

GTG AAG 
Val Lys 

ATA AAC 
He Asn 



TAT GAA 
Tyr Glu 
280 
ATA ACA 
He Thr 
295 

TAC TCG ATG GAA GAT 



GTT GTA 
Val Val 

AGA CCA 
Arg Pro 

CCA GCG 
Pro Ala 
95 

TAC GAG 
Tyr Glu 
110 

TTA GTG 
Leu Val 

ATT GAA 
He Glu 

CTT ATG 
Leu Met 

AAG AAC 
Lys Asn 
175 
ATG ATA 
Met He 
190 

CTC ATA 
Leu He 

CGC TGT 
Arg Cys 

GAG CCG 
Glu Pro 

GGA CGG 
Gly Arg 
255 
CTG CCC 
Leu Pro 
270 

CCG AAG 
Pro Lys 



CCA GCC TGG 
Pro Ala Trp 



GGT CAG 
Gly Gin 
285 
GAA ACC 
Glu Thr 
300 

GCG AAG GTC ACA 



GGC GAG 
Gly Glu 



50 

ACG GTT AAG 
Thr Val Lys 
65 

GTT GAG GTC 
Val Glu Val 
80 

ATA AGG GAC 
He Arg Asp 

TAC GAC ATA 
Tyr Asp lie 

CCA ATG GAA 
Pro Met Glu 
130 

ACT CTC TAC 
Thr Leu Tyr 
145 

ATA AGC TAC 
He Ser Tyr 
160 

GTG GAT CTC 
Val Asp Leu 

AAG CGC TTC 
Lys Arg Phe 

ACC TAC AAC 
Thr Tyr Asn 
210 

GAA AAG CTC 
Glu Lys Leu 
225 

AAG ATT CAG 
Lys He Gin 
240 

ATA CAC TTC 
He His Phe 

ACA TAC ACG 
Thr Tyr Thr 

GAG AAG GTT 
Glu Lys Val 
290 

AAC CTT GAG 
Asn Leu Glu 

305 
TAC GAG CTT 



CGG GTT 
Arg Val 

TGG AAA 
Trp Lys 

AAG ATA 
Lys He 
100 
CCC TTC 
Pro Phe 
115 

GGC GAC 
Gly Asp 

CAT GAG 
His Glu 

GCC GAC 
Ala Asp 

CCC TAC 
Pro Tyr 
180 
CTC CGT 
Leu Arg 
195 

GGC GAC 
Gly Asp 

GGA ATA 
Gly He 

AGG ATG 
Arg Met 

GAT CTC 
Asp Leu 
260 
CTT GAG 
Leu Glu 
275 

TAC GCT 
Tyr Ala 



GAA AAG 
Glu Lys 
70 

CTC TAC 
Leu Tyr 

85 
CGA GAG 
Arg Glu 

GCC AAG 
Ala Lys 

GAG GAG 
Glu Glu 

GGC GAG 
Gly Glu 
150 
GAG GAA 
Glu Glu 
165 

GTT GAC 
Val Asp 

GTT GTG 
Val Val 

AAC TTC 
Asn Phe 

AAC TTC 
Asn Phe 
230 
GGC GAC 
Gly Asp 
245 

TAT CCT 
Tyr Pro 

GCC GTT 
Ala Vai 

GAG GAA 
Glu Glu 



AGA GTC GCC CGC 
Arg Val Ala Arg 
310 

GGG AAG GAG TTC 



365 



413 



461 



509 



557 



605 



653 



701 



749 



797 



845 



893 



941 



989 



1037 



1085 



1133 
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Tyr Ser Met Glu 



CTT CCG 
Leu Pro 

GAC GTC 
Asp Val 

AGG AAG 
Arg Lys 
360 
AAG GAG 
Lys Glu 
375 

GAG CCC 
Glu Pro 

TGC CAT 
Cys His 

AAC ATC 
Asn He 

TGG CAG 

Trp Gin 
440 

GTA AAC 

Val Asn 
455 

GTT ACA 

Val Thr 

TCT TTC 
Ser Phe 

TTC TAT 
Phe Tyr 

GTT CTC 
Val Leu 
520 
TTG AGG 
Leu Arg 
535 

ATT TCA 
lie Ser 

GAG TTT 
Glu Phe 



ATG GAG 
Met Glu 
330 
TCC CGC 
Ser Arg 
345 

GCC TAT 
Ala Tyr 

CTG GCC 
Leu Ala 

GAG AGA 
Glu Arg 

CCA GCC 
Pro Ala 
410 
AGC GAG 
Ser Glu 
425 

AGA GTT 
Arg Val 

ATA AAC 
He Asn 

AAG AAC 
Lys Asn 

CTT ACT 
Leu Thr 
490 
GAA ATA 
Glu He 
505 

AAG GGA 
Lys Gly 



Asp Ala 
315 

GCC CAG 
Ala Gin 

TCC AGC 
Ser Ser 

GAG AGG 
Glu Arg 

AGA AGA 
Arg Arg 
380 
GGG TTG 
Gly Leu 
395 

GAT ACG 
Asp Thr 

GTT CAG 
Val Gin 

AGA AAA 
Arg Lys 

GGG TTA 
Gly Leu 
460 
GAA CGA 
Glu Arg 
475 

AAA AAA 
Lys Lys 

GGC AGA 
Gly Arg 

GAG CTC 
Glu Leu 



AAA GAC GTT GAA 
Lys Asp Val Glu 
540 

CAC CAG TAT CGT 
His Gin Tyr Arg 
555 

AGG GAT CGT ATC 
Arg Asp Arg He 
570 



Lys Val 

CTT TCT 
Leu Ser 

ACT GGC 
Thr Gly 
350 
AAT GAG 
Asn Glu 
365 

CGG CAG 
Arg Gin 

TGG GAG 
Trp. Glu 

AAG GTT 
Lys Val 

GAA GGT 
Glu Gly 
430 
GTA TGG 
Val Trp 
445 

AAG TGT 
Lys Cys 

CAA ACG 
Gin Thr 

GTT AAG 
Val Lys 

GCG ACA 
Ala Thr 
510 
GCT GGC 
Ala Gly 
525 

TAC TTT 
Tyr Phe 

GTT GAG 
Val Glu 

ACA TAC 
Thr Tyr 



Thr Tyr 
320 

CGC TTA 

Arg Leu 
335 

AAC CTC 

Asn Leu 

CTG GCC 
Leu Ala 

AGC TAT 
Ser Tyr 

AAC ATA 
Asn He 
400 
GTC GTC 
Val Val 
415 

GAC TAT 
Asp Tyr 

GAA TAC 
Glu Tyr 

ACG CCC 
Thr Pro 

AGA ATA 
Arg He 
480 
GGC AAG 
Gly Lys 
495 

AGT GAG 
Ser Glu 

ATA CTA 
He Leu 

GAT TCA 
Asp Ser 

ATA ACC 
He Thr 
560 
ATT TTT 
He Phe 
575 



Glu Leu Gly 

ATC GGC CAG 
He Gly Gin 

GTT GAG TGG 
Val Glu Trp 
355 

CCG AAC AAG 
Pro Asn Lys 

370 
GAA GGA GGC 
Glu Gly Gly 
385 

GTG TAC CTA 
Val Tyr Leu 

AAG GGG AAG 
Lys Gly Lys 

GTC CTT GGG 
Val Leu Gly 
435 

GAC TAC AAA 
Asp Tyr Lys 

450 
AAT CAT AAG 
Asn His Lys 
465 

AGA GAC AGT 
Arg Asp Ser 

ATA ATA ACC 
He He Thr 

AAT ATT CCA 
Asn He Pro 
515 

TTG GCT GAA 
Leu Ala Glu 

530 
TCC CGC AAA 
Ser Arg Lys 
545 

ATT GGG AAA 
He Gly Lys 

GAG CGT TTG 
Glu Arg Leu 



Lys Glu Phe 

325 

TCC CTC TGG 

Ser Leu Trp 
340 

TTC CTC CTC 

Phe Leu Leu 

CCC GAT GAA 
Pro Asp Glu 

TAT GTA AAA 
Tyr Val Lys 
390 

GAT TTT AGA 
Asp Phe Arg 

405 
GGG ATT ATA 
Gly He He 
420 

ATT GAC GGC 
He Asp Gly 

GGG GAG CTT 
Gly Glu Leu 

CTT CCC GTT 
Leu Pro Val 
470 

CTT GCT AAG 
Leu Ala Lys 

485 
ACT CCC CTT 
Thr Pro Leu 
500 

GAA GAA GAG 
Glu Glu Glu 

GGA ACG CTC 
Gly Thr Leu 

AAA CGG AGG 
Lys Arg Arg 
550 

GAC GAG GAG 
Asp Glu Glu 

565 
TTT GGG ATT 
Phe Gly He 
580 



1181 



1229 



1277 



1325 



1373 



1421 



1469 



1517 



1565 



1613 



1661 



1709 



1757 



1805 



1853 



1901 
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ACT CCA AGC ATC TCG GAG AAG AAA GGA ACT AAC GCA GTA ACA CTC AAA 1949 

Thr Pro Ser He Ser Glu Lys Lys Gly Thr Asn Ala Val Thr Leu Lys 

585 590 595 

GTT GCG AAG AAG AAT GTT TAT CTT AAA GTC AAG GAA ATT ATG GAC AAC 1997 

Val Ala Lys Lys Asn Val Tyr Leu Lys Val Lys Glu lie Met Asp Asn 

600 605 610 

ATA GAG TCC CTA CAT GCC CCC TCG GTT CTC AGG GGA TTC TTC GAA GGC 2045 

He Glu Ser Leu His Ala Pro Ser Val Leu Arg Gly Phe Phe Glu Gly 

615 620 625 630 

GAC GGT TCA GTA AAC AGG GTT AGG AGG ACT ATT GTT GCA ACC CAG GGT 2093 

Asp Gly Ser Val Asn Arg Val Arg Arg Ser He Val Ala Thr Gin Gly 

635 640 645 

ACA AAG AAC GAG TGG AAG ATT AAA CTG GTG TCA AAA CTG CTC TCC CAG 2141 

Thr Lys Asn Glu Trp Lys He Lys Leu Val Ser Lys Leu Leu Ser Gin 

650 655 660 

CTT GGT ATC CCT CAT CAA ACG TAC ACG TAT CAG TAT CAG GAA AAT GGG 2189 

Leu Gly He Pro His Gin Thr Tyr Thr Tyr Gin Tyr Gin Glu Asn Gly 

665 670 675 

AAA GAT CGG AGC AGG TAT ATA CTG GAG ATA ACT GGA AAG GAC GGA TTG 2237 

Lys Asp Arg Ser Arg Tyr He Leu Glu He Thr Gly Lys Asp Gly Leu 

680 685 690 

ATA CTG TTC CAA ACA CTC ATT GGA TTC ATC AGT GAA AGA AAG AAC GCT 2285 

He Leu Phe Gin Thr Leu He Gly Phe He Ser Glu Arg Lys Asn Ala 

695 700 705 710 

CTG CTT AAT AAG GCA ATA TCT CAG AGG GAA ATG AAC AAC TTG GAA AAC 2333 

Leu Leu Asn Lys Ala lie Ser Gin Arg Glu Met Asn Asn Leu Glu Asn 

715 720 725 

AAT GGA TTT TAC AGG CTC AGT GAA TTC AAT GTC AGC ACG GAA TAC TAT 2381 

Asn Gly Phe Tyr Arg Leu Ser Glu Phe Asn Val Ser Thr Glu Tyr Tyr 

730 735 740 

GAG GGC AAG GTC TAT GAC TTA ACT CTT GAA GGA ACT CCC TAC TAC TTT 2429 

Glu Gly Lys Val Tyr Asp Leu Thr Leu Glu Gly Thr Pro Tyr Tyr Phe 

745 7.50 755 

GCC AAT GGC ATA TTG ACC CAT AAC TCC CTG TAC CCC TCA ATC ATC ATC 2477 

Ala Asn Gly He Leu Thr His Asn Ser Leu Tyr Pro Ser He He He 

760 765 770 

ACC CAC AAC GTC TCG CCG GAT ACG CTC AAC AGA GAA GGA TGC AAG GAA 2525 

Thr His Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu 

775 780 785 790 

TAT GAC GTT GCC CCA CAG GTC GGC CAC CGC TTC TGC AAG GAC TTC CCA 2573 

Tyr Asp Val Ala Pro Gin Val Gly His Arg Phe Cys Lys Asp Phe Pro 

795 800 805 

GGA TTT ATC CCG AGC CTG CTT GGA GAC CTC CTA GAG GAG AGG CAG AAG 2621 

Gly Phe He Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gin Lys 

810 815 820 

ATA AAG AAG AAG ATG AAG GCC ACG ATT GAC CCG ATC GAG AGG AAG CTC 2669 

He Lys Lys Lys Met Lys Ala Thr He Asp Pro He Glu Arg Lys Leu 

825 830 835 

CTC GAT TAC AGG CAG AGG GCC ATC AAG ATC CTG GCA AAC AGC ATC CTA 2717 

Leu Asp Tyr Arg Gin Arg Ala He Lys He Leu Ala Asn Ser He Leu 
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840 845 850 

CCC GAG GAA TGG CTT CCA GTC CTC GAG GAA GGG GAG GTT CAC TTC GTC 2765 
Pro Glu Glu Trp Leu Pro Val Leu Glu Glu Gly Glu Val His Phe Va! 
855 860 865 870 

AGG ATT GGA GAG CTC ATA GAC CGG ATG ATG GAG GAA AAT GCT GGG AAA 2813 
Arg He Gly Glu Leu He Asp Arg Met Met Glu Glu Asn Ala Gly Lys 

875 880 885 

GTA AAG AGA GAG GGC GAG ACG GAA GTG CTT GAG GTC AGT GGG CTT GAA 2861 
Val Lys Arg Glu Gly Glu Thr Glu Val Leu Glu Val Ser Gly Leu Glu 

890 895 900 

GTC CCG TCC TTT AAC AGG AGA ACT AAC AAG GCC GAG CTC AAG AGA GTA 2909 
Val Pro Ser Phe Asn Arg Arg Thr Asn Lys Ala Glu Leu Lys Arg Val 

905 910 915 

AAG GCC CTG ATT AGG CAC GAT TAT TCT GGC AAG GTC TAC ACC ATC AGA 2957 
Lys Ala Leu He Arg His Asp Tyr Ser Gly Lys Val Tyr Thr He Arg 

920 925 930 

CTG AAG TCG GGG AGG AGA ATA AAG ATA ACC TCT GGC CAC AGC CTC TTC 3005 
Leu Lys Ser Gly Arg Arg He Lys He Thr Ser Gly His Ser Leu Phe 
935 940 945 950 

TCT GTG AGA AAC GGG GAG CTC GTT GAA GTT ACG GGC GAT GAA CTA AAG 3053 
Ser Val Arg Asn Gly Glu Leu Val Glu Val Thr Gly Asp Glu Leu Lys 

955 960 965 

CCA GGT GAC CTC GTT GCA GTC CCG CGG AGA TTG GAG CTT CCT GAG AGA 3101 
Pro Gly Asp Leu Val Ala Val Pro Arg Arg Leu Glu Leu Pro Glu Arg 

970 975 980 

AAC CAC GTG CTG AAC CTC GTT GAA CTG CTC CTT GGA ACG CCA GAA GAA 3149 
Asn His Val Leu Asn Leu Val Glu Leu Leu Leu Gly Thr Pro Glu Glu 

985 990 995 

GAA ACT TTG GAC ATC GTC ATG ACG ATC CCA GTC AAG GGT AAG AAG AAC 3197 
Glu Thr Leu Asp He Val Met Thr He Pro Val Lys Gly Lys Lys Asn 

1000 1005 1010 

TTC TTT AAA GGG ATG CTC AGG ACT TTG CGC TGG ATT TTC GGA GAG GAA 3245 
Phe Phe Lys Gly Met Leu Arg Thr Leu Arg Trp He Phe Gly Glu Glu 
1015 1020 1025 1030 

AAG AGG CCC AGA ACC GCG AGA CGC TAT CTC AGG CAC CTT GAG GAT CTG 3293 
Lys Arg Pro Arg Thr Ala Arg Arg Tyr Leu Arg His Leu Glu Asp Leu 

1035 1040 1045 

GGC TAT GTC CGG CTT AAG AAG ATC GGC TAC GAA GTC CTC GAC TGG GAC 3341 
Gly Tyr Val Arg Leu Lys Lys He Gly Tyr Glu Val Leu Asp Trp Asp 

1050 1055 1060 

TCA CTT AAG AAC TAC AGA AGG CTC TAC GAG GCG CTT GTC GAG AAC GTC 3389 
Ser Leu Lys Asn Tyr Arg Arg Leu Tyr Glu Ala Leu Val Glu Asn Val 

1065 1070 1075 

AGA TAC AAC GGC AAC AAG AGG GAG TAC CTC GTT GAA TTC AAT TCC ATC 3437 
Arg Tyr Asn Gly Asn Lys Arg Glu Tyr Leu Val Glu Phe Asn Ser He 

1080 1085 1090 

CGG GAT GCA GTT GGC ATA ATG CCC CTA AAA GAG CTG AAG GAG TGG AAG 3485 
Arg Asp Ala Val Gly He Met Pro Leu Lys Glu Leu Lys Glu Trp Lys 
1095 1100 1105 1110 

ATC GGC ACG CTG AAC GGC TTC AGA ATG AGA AAG CTC ATT GAA GTG GAC 3533 
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He Gly Thr Leu Asn Gly Phe Arg Met Arg Lys Leu He GIu Val Asp 

1115 1120 1125 

GAG TCG TTA GCA AAG CTC CTC GGC TAC TAC GTG AGC GAG GGC TAT GCA 3581 
Glu Ser Leu Ala Lys Leu Leu Gly Tyr Tyr Val Ser Glu Gly Tyr Ala 

1130 1135 1140 

AGA AAG CAG AGG AAT CCC AAA AAC GGC TGG AGC TAC AGC GTG AAG CTC 3629 
Arg Lys Gin Arg Asn Pro Lys Asn Gly Trp Ser Tyr Ser Val Lys Leu 

1145. 1 150 1155 

TAC AAC GAA GAC CCT GAA GTG CTG GAC GAT ATG GAG AGA CTC GCC AGC 3677 
Tyr Asn Glu Asp Pro Glu Val Leu Asp Asp Met Glu Arg Leu Ala Ser 

1160 -1165 1170 

AGG TTT TTC GGG AAG GTG AGG CGG GGC AGG AAC TAC GTT GAG ATA CCG 3725 
Arg Phe Phe Gly Lys Val Arg Arg Gly Arg Asn Tyr Val Glu He Pro 
1175 1180 1185 1190 

AAG AAG ATC GGC TAC CTG CTC TTT GAG AAC ATG TGC GGT GTC CTA GCG 3773 
Lys Lys He Gly Tyr Leu Leu Phe Glu Asn Met Cys Gly Val Leu Ala 

1195 1200 1205 

GAG AAC AAG AGG ATT CCC GAG TTC GTC TTC ACG TCC CCG AAA GGG GTT 3821 
Glu Asn Lys Arg lie Pro Glu Phe Val Phe Thr Ser Pro Lys Gly Val 

1210 1215 1220 

CGG CTG GCC TTC CTT GAG GGG TAC TCA TCG GCG ATG GCG ACG TCC ACC 3869 
Arg Leu Ala Phe Leu Glu Gly Tyr Ser Ser Ala Met Ala Thr Ser Thr 

1225 1230 1235 

GAA CAA GAG ACT CAG GCT CTC AAC GAA AAG CGA GCT TTA GCG AAC CAG 3917 
Glu Gin Glu Thr Gin Ala Leu Asn Glu Lys Arg Ala Leu Ala Asn Gin 

1240 1245 1250 

CTC GTC CTC CTC TTG AAC TCG GTG GGG GTC TCT GCT GTA AAA CTT GGG 3965 
Leu Val Leu Leu Leu Asn Ser Val Gly Val Ser Ala Val Lys Leu Gly 
1255 1260 1265 * 1270 

CAC GAC AGC GGC GTT TAC AGG GTC TAT ATA AAC GAG GAG CTC CCG TTC 4013 
His Asp Ser Gly Val Tyr Arg Val Tyr He Asn Glu Glu Leu Pro Phe 

1275 1280 1285 

GTA AAG CTG GAC AAG AAA AAG AAC GCC TAC TAC TCA CAC GTG ATC CCC 4061 
Val Lys Leu Asp Lys Lys Lys Asn Ala Tyr Tyr Ser His Val He Pro 

1290 1295 1300 

AAG GAA GTC CTG AGC GAG GTC TTT GGG AAG GTT TTC CAG AAA AAC GTC 4109 
Lys Glu Val Leu Ser Glu Val Phe Gly Lys Val Phe Gin Lys Asn Val 

1305 1310 1315 

ACT CCT CAG ACC TTC AGG AAG ATG GTC GAG GAC GGA AGA CTC GAT CCC 4157 
Ser Pro Gin Thr Phe Arg Lys Met Val Glu Asp Gly Arg Leu Asp Pro 

1320 1325 1330 

GAA AAG GCC CAG AGG CTC TCC TGG CTC ATT GAG GGG GAC GTA GTG CTC 4205 
Glu Lys Ala Gin Arg Leu Ser Trp Leu He Glu Gly Asp Val Val Leu 
1335 1340 1345 1350 

GAC CGC GTT GAG TCC GTT GAT GTG GAA GAC TAC GAT GGT TAT GTC TAT 4253 
Asp Arg Vai Glu Ser Val Asp Val Glu Asp Tyr Asp Gly Tyr Val Tyr 

1355 1360 1365 

GAC CTG AGC GTC GAG GAC AAC GAG AAC TTC CTC GTT GGC TTT GGG TTG 4301 
Asp Leu Ser Val Glu Asp Asn Glu Asn Phe Leu Val Gly Phe Gly Leu 
1370 1375 1380 
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GTC TAT GCT CAC AAC AGC TAC TAC GGT TAC TAC GGC TAT GCA AGG GCG 4349 
Val Tyr Ala His Asn Ser Tyr Tyr Gly Tyr Tyr Gly Tyr Ala Arg Ala 

1385 1390 1395 

CGC TGG TAC TGC AAG GAG TGT GCA GAG AGC GTA ACG GCC TGG GGA AGG 4397 
Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser Val Thr Ala Trp Gly Arg 

1400 1405 1410 

GAG TAC ATA ACG ATG ACC ATC AAG GAG ATA GAG GAA AAG TAC GGC TTT 4445 
Glu Tyr He Thr Met Thr He Lys Glu He Glu Glu Lys Tyr Gly Phe 
1415 1420 1425 1430 

AAG GTA ATC TAC AGC GAC ACC GAC GGA TTT TTT GCC ACA ATA CCT GGA 4493 
Lys Val He Tyr Ser Asp Thr Asp Gly Phe Phe Ala Thr lie Pro Gly 

1435 1440 1445 

GCC GAT GCT GAA ACC GTC AAA AAG AAG GCT ATG GAG TTC CTC AAC TAT 4541 
Ala Asp Ala Glu Thr Val Lys Lys Lys Ala Met Glu Phe Leu Asn Tyr 

1450 1455 1460 

ATC AAC GCC AAA CTT CCG GGC GCG CTT GAG CTC GAG TAC GAG GGC TTC 4589 
He Asn Ala Lys Leu Pro Gly Ala Leu Glu Leu Glu Tyr Glu Gly Phe 

1465 1470 1475 

TAC AAA CGC GGC TTC TTC GTC ACG AAG AAG AAG TAT GCG GTG ATA GAC 4637 
Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys Lys Tyr Ala Val He Asp 

1480 1485 1490 

GAG GAA GGC AAG ATA ACA ACG CGC GGA CTT GAG ATT GTG AGG CGT GAC 4685 
Glu Glu Gly Lys He Thr Thr Arg Gly Leu Glu He Val Arg Arg Asp 
1495 1500 1505 1510 

TGG AGC GAG ATA GCG AAA GAG ACG CAG GCG AGG GTT CTT GAA GCT TTG 4733 
Trp Ser Glu He Ala Lys Glu Thr Gin Ala Arg Val Leu Glu Ala Leu 

1515 1520 1525 

CTA AAG GAC GGT GAC GTC GAG AAG GCC GTG AGG ATA GTC AAA GAA GTT 4781 
Leu Lys Asp Gly Asp Val Glu Lys Ala Val Arg He Val Lys Glu Val 

1530 1535 1540 

ACC GAA AAG CTG AGC AAG TAC GAG GTT CCG CCG GAG AAG CTG GTG ATC 4829 
Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro Pro Glu Lys Leu Val He 

1545 1550 1555 

CAC GAG CAG ATA ACG AGG GAT TTA AAG GAC TAC AAG GCA ACC GGT CCC 4877 
His Glu Gin He Thr Arg Asp Leu Lys Asp Tyr Lys Ala Thr Gly Pro 

1560 1565 1570 

CAC GTT GCC GTT GCC AAG AGG TTG GCC GCG AGA GGA GTC AAA ATA CGC 4925 
His Val Ala Val Ala Lys Arg Leu Ala Ala Arg Gly Val Lys He Arg 
1575 1580 1585 1590 

CCT GGA ACG GTG ATA AGC TAC ATC GTG CTC AAG GGC TCT GGG AGG ATA 4973 
Pro Gly Thr Val He Ser Tyr He Val Leu Lys Gly Ser Gly Arg He 

1595 1600 1605 

GGC GAC AGG GCG ATA CCG TTC GAC GAG TTC GAC CCG ACG AAG CAC AAG 5021 
Gly Asp Arg Ala He Pro Phe Asp Glu Phe Asp Pro Thr Lys His Lys 

1610 1615 1620 

TAC GAC GCC GAG TAC TAC ATT GAG AAC CAG GTT CTC CCA GCC GTT GAG 5069 
Tyr Asp Ala Glu Tyr Tyr He Glu Asn Gin Val Leu Pro Ala Val Glu 

1625 1630 1635 

AGA ATT CTG AGA GCC TTC GGT TAC CGC AAG GAA GAC CTG CGC TAC CAG 5117 
Arg He Leu Arg Ala Phe Gly Tyr Arg Lys Glu Asp Leu Arg Tyr Gin 
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1640 1645 1650 

AAG ACG AGA CAG GTT GGT TTG AGT GCT TGG CTG AAG CCG AAG GGA ACT 5165 
Lys Thr Arg Gin Val Gly Leu Ser Ala Trp Leu Lys Pro Lys Gly Thr 
1655 1660 1665 1670 

TGACCTTTCC ATTTGTTTTC CAGCGGATAA CCCTTTAACT TCCCTTTCAA AAACTCCCTT 5225 
TAGGGAAAGA CCATGAAGAT AGAAATCCGG CGGCGCCCGG TTAAATACGC TAGGATAGAA 5285 
GTGAAGCCAG ACGGCAGGGT AGTCGTCACT GCCCCGAGGG TTCAACGTTG AGAAGTT 5341 
CO 0 5 8] m&m^ : 2 h^Dy- : Bgft 

Eahass : 774 simowm : w&m 

Met He Leu Asp Thr Asp Tyr He Thr Glu Asp Gly Lys Pro Val He 

1 5 10 15 

Arg He Phe Lys Lys Glu Asn Gly Glu Phe Lys He Glu Tyr Asp Arg 

20 25 30 

Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys Asp Asp Ser Ala He 

35 40 45 

Glu Glu Val Lys Lys He Thr Ala Glu Arg His Gly Thr Val Val Thr 

50 55 60 

Val Lys Arg Val Glu Lys Val Gin Lys Lys Phe Leu Gly Arg Pro Val 
65 70 75 80 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala He 

85 90 95 

Arg Asp Lys He Arg Glu His Gly Ala Val He Asp He Tyr Glu Tyr 

100 105 no 

Asp He Pro Phe Ala Lys Arg Tyr Leu He Asp Lys Gly Leu Val Pro 

115 120 125 

Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp He Glu Thr 

130 135 140 

Leu Tyr His Glu Gly Glu Glu Phe Ala Glu Gly Pro He Leu Met He 
u5 150 155 160 

Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val He Thr Trp Lys Asn Val 

165 170 175 

Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Arg Glu Met He Lys 

180 185 190 

Arg Phe Leu Arg Val Val Lys Glu Lys Asp Pro Asp Val Leu He Thr 

195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu 

210 215 220 

Lys Leu Gly He Asn Phe Ala Leu Gly Arg Asp Gly Ser Glu Pro Lys 
225 230 235 240 

He Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg He 

245 250 255 

His Phe Asp Leu Tyr Pro Val He Arg Arg Thr He Asn Leu Pro Thr 

260 265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Gin Pro Lys Glu 

275 280 285 

Lys Val Tyr Ala Glu Glu He Thr Pro Ala Trp Glu Thr Gly Glu Asn 

290 295 300 

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
305 310 315 320 
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Glu Leu Gly Lys Glu Phe Leu Pro Met Glu Ala Gin Leu Ser Arg Leu 

325 330 335 

He Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 

340 345 350 

Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 

355 360 365 

Pro Asn Lys Pro Asp Glu Lys Glu Leu Ala Arg Arg Arg Gin Ser Tyr 

370 375 380 

Glu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Glu Asn He 
385 390 395 400 

Val Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser He He He Thr His 

405 410 415 

Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu Tyr Asp 

420 425 430 

Val Ala Pro Gin Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly Phe 

435 440 445 

He Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gin Lys He Lys 

450 455 460 

Lys Lys Met Lys Ala Thr He Asp Pro He Glu Arg Lys Leu Leu Asp 
465 470 475 480 

Tyr Arg Gin Arg Ala He Lys He Leu Ala Asn Ser Tyr Tyr Gly Tyr 

485 490 495 

Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser 

500 505 510 

Val Thr Ala Trp Gly Arg Glu Tyr He Thr Met Thr He Lys Glu He 

515 520 525 

Glu Glu Lys Tyr Gly Phe Lys Val He Tyr Ser Asp Thr Asp Gly Phe 

530 535 540 

Phe Ala Thr He Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala 
545 550 555 560 

Met Glu Phe Leu Asn Tyr He Asn Ala Lys Leu Pro Gly Ala Leu Glu 

565 570 575 

Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys 

580 585 590 

Lys Tyr Ala Val He Asp Glu Glu Gly Lys He Thr Thr Arg Gly Leu 

595 600 605 

Glu He Val Arg Arg Asp Trp Ser Glu He Ala Lys Glu Thr Gin Ala 

610 615 620 

Arg Val Leu Glu Ala Leu Leu Lys Asp Gly Asp Val Glu Lys Ala Val 
625 630 635 640 

Arg He Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro 

645 650 655 

Pro Glu Lys Leu Val He His Glu Gin He Thr Arg Asp Leu Lys Asp 

660 665 670 

Tyr Lys Ala Thr Gly Pro His Val Ala Val Ala Lys Arg Leu Ala Ala 

675 680 685 

Arg Gly Val Lys He Arg Pro Gly Thr Val He Ser Tyr He Val Leu 

690 695 700 

Lys Gly Ser Gly Arg He Gly Asp Arg Ala He Pro Phe Asp Glu Phe 
705 710 715 720 
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Asp Pro Thr Lys His Lys Tyr Asp Ala Glu Tyr Tyr He GIu Asn Gin 

725 730 735 

Val Leu Pro Ala Val Glu Arg He Leu Arg Ala Phe Gly Tyr Arg Lys 

740 745 750 

Glu Asp Leu Arg Tyr Gin Lys Thr Arg Gin Val Gly Leu Ser Ala Trp 

755 760 765 

Leu Lys Pro Lys Gly Thr 
770 774 
[0 0 5 9] BB^JS-^ : 3 m<D& : 2 

m&i<D&£ : 2325 h*Dy- : Bggtt 

&m<DM : (DNA) £$iJ0>a£l : genomic DNA 

ATGATCCTCG ACACTGACTA CATAACCGAG GATGGAAAGC CTGTCATAAG AATTTTCAAG 60 
AAGGAAAACG GCGAGTTTAA GATTGAGTAC GACCGGACTT TTGAACCCTA CTTCTACGCC 120 
CTCCTGAAGG ACGATTCTGC CATTGAGGAA GTCAAGAAGA TAACCGCCGA GAGGCACGGG 180 
ACGGTTGTAA CGGTTAAGCG GGTTGAAAAG GTTCAGAAGA AGTTCCTCGG GAGACCAGTT 240 
GAGGTCTGGA AACTCTACTT TACTCATCCG CAGGACGTCC CAGCGATAAG GGACAAGATA 300 
CGAGAGCATG GAGCAGTTAT TGACATCTAC GAGTACGACA TACCCTTCGC CAAGCGCTAC 360 
CTCATAGACA AGGGATTAGT GCCAATGGAA GGCGACGAGG AGCTGAAAAT GCTCGCCTTC 420 
GACATTCAAA CTCTCTACCA TGAGGGCGAG GAGTTCGCCG AGGGGCCAAT CCTTATGATA 480 
AGCTACGCCG ACGAGGAAGG GGCCAGGGTG ATAACTTGGA AGAACGTGGA TCTCCCCTAC 540 
GTTGACGTCG TCTCGACGGA GAGGGAGATG ATAAAGCGCT TCCTCCGTGT TGTGAAGGAG 600 
AAAGACCCGG ACGTTCTCAT AACCTACAAC GGCGACAACT TCGACTTCGC CTATCTGAAA 660 
AAGCGCTGTG AAAAGCTCGG AATAAACTTC GCCCTCGGAA GGGATGGAAG CGAGCCGAAG 720 
ATTCAGAGGA TGGGCGACAG GTTTGCCGTC GAAGTGAAGG GACGGATACA CTTCGATCTC 780 
TATCCTGTGA TAAGACGGAC GATAAACCTG CCCACATACA CGCTTGAGGC CGTTTATGAA 840 
GCCGTCTTCG GTCAGCCGAA GGAGAAGGTT TACGCTGAGG AAATAACACC AGCCTGGGAA 900 
ACCGGCGAGA ACCTTGAGAG AGTCGCCCGC TACTCGATGG AAGATGCGAA GGTCACATAC 960 
GAGCTTGGGA AGGAGTTCCT TCCGATGGAG GCCCAGCTTT CTCGCTTAAT CGGCCAGTCC 1020 
CTCTGGGACG TCTCCCGCTC CAGCACTGGC AACCTCGTTG AGTGGTTCCT CCTCAGGAAG 1080 
GCCTATGAGA GGAATGAGCT GGCCCCGAAC AAGCCCGATG AAAAGGAGCT GGCCAGAAGA 1140 
CGGCAGAGCT ATGAAGGAGG CTATGTAAAA GAGCCCGAGA GAGGGTTGTG GGAGAACATA 1200 
GTGTACCTAG ATTTTAGATC CCTGTACCCC TCAATCATCA TCACCCACAA CGTCTCGCCG 1260 
GATACGCTCA ACAGAGAAGG ATGCAAGGAA TATGACGTTG CCCCACAGGT CGGCCACCGC 1320 
TTCTGCAAGG ACTTCCCAGG ATTTATCCCG AGCCTGCTTG GAGACCTCCT AGAGGAGAGG 1380 
CAGAAGATAA AGAAGAAGAT GAAGGCCACG ATTGACCCGA TCGAGAGGAA GCTCCTCGAT 1440 
TACAGGCAGA GGGCCATCAA GATCCTGGCA AACAGCTACT ACGGTTACTA CGGCTATGCA 1500 
AGGGCGCGCT GGTACTGCAA GGAGTGTGCA GAGAGCGTAA CGGCCTGGGG AAGGGAGTAC 1560 
ATAACGATGA CCATCAAGGA GATAGAGGAA AAGTACGGCT TTAAGGTAAT CTACAGCGAC 1620 
ACCGACGGAT TTTTTGCCAC AATACCTGGA GCCGATGCTG AAACCGTCAA AAAGAAGGCT 1680 
ATGGAGTTCC TCAACTATAT CAACGCCAAA CTTCCGGGCG CGCTTGAGCT CGAGTACGAG 1740 
GGCTTCTACA AACGCGGCTT CTTCGTCACG AAGAAGAAGT ATGCGGTGAT AGACGAGGAA 1800 
GGCAAGATAA CAACGCGCGG ACTTGAGATT GTGAGGCGTG ACTGGAGCGA GATAGCGAAA 1860 
GAGACGCAGG CGAGGGTTCT TGAAGCTTTG CTAAAGGACG GTGACGTCGA GAAGGCCGTG 1920 
AGGATAGTCA AAGAAGTTAC CGAAAAGCTG AGCAAGTACG AGGTTCCGCC GGAGAAGCTG 1980 
GTGATCCACG AGCAGATAAC GAGGGATTTA AAGGACTACA AGGCAACCGG TCCCCACGTT 2040 
GCCGTTGCCA AGAGGTTGGC CGCGAGAGGA GTCAAAATAC GCCCTGGAAC GGTGATAAGC 2100 
TACATCGTGC TCAAGGGCTC TGGGAGGATA GGCGACAGGG CGATACCGTT CGACGAGTTC 2160 
GACCCGACGA AGCACAAGTA CGACGCCGAG TACTACATTG AGAACCAGGT TCTCCCAGCC 2220 
GTTGAGAGAA TTCTGAGAGC CTTCGGTTAC CGCAAGGAAG ACCTGCGCTA CCAGAAGACG 2280 
AGACAGGTTG GTTTGAGTGC TTGGCTGAAG CCGAAGGGAA CTTGA 2325 
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[0060] m&mn ■. 4 

E?lJ«S$ : 24 
&m<DM : (DNA) 
IB©& : 1 #18 
h^Dv- : 

E5iJ©aSI : p^DNA 

CTTTTGCTCA GATCTTCTTT CCTG 24 

[0 0 6 1] E*iJ#^f : 5 
E3aj<Z>ft£ :36 
E^IJOS (DNA) 

mmnmrn ^dna 

AGCTGAAAAT GCTAGCCTTC GACAATGAAA CTCTCT 36 

[0062] mpmn ■. 6 

E#lZ>ft£:36 

mw<Dm : mm (dna) 

m<D& : 1*« 

mmomm ■. ^dna 

AGCTGAAAAT GCTAGCCTTC GACGAAGAAA CTCTCT 36 

[0 0 6 3] E?J#^ : 7 
iB?iJcDft£:33 
E?iJC0S : mm (DNA) 

way- : m.mvi 

ffipiomm : MDNA 

GAAAATGCTC GCCTTTGATC AAGAAACTCT CTA 33 

[0 0 6 4] mmm^ 8 

SH?iJOS$:36 

EJiJO^ : (DNA) 

mpiomm •. ^dna 

AGCTGAAAAT GCTAGCCTTC GACGATGAAA CTCTCT 36 

[0 0 6 5] %i$mn : 9 
EJijOfi$:30 
SH^J©^ : WM (DNA) 

: 1*® 
hTpns;- : mm®. 



CGCCTTCGAC ATTGAAGTAC TCTACCATGA 30 

[0066] mmmn ■. 10 

E3*J©:B£:36 
E^iJOS : &g (DNA) 

mcD^c : i *m 
m&HDmm ■. ^dna 

AGCTGAAAAT GCTAGCCTTC GACAGAGAAA CTCTCT 36 

[0 0 6 7] E?J#^ : 1 1 
E?iJ©ft£:36 
EJIJ©^ : mm (DNA) 
I©Sc : 1 *M 
b#Dv- : 

E?IJ<D«« : •afiEDN A 

AGCTGAAAAT GCTAGCCTTC GACGAAGAAA CTCTCT 36 

[0 0 6 8] E?iJS^ : 12 
E3*J©ft£:35 
E^iJWl! : mm (DNA) 
8t©& : 1 *m 
h/J^nv- : B&tf 

AAAAAGTACT CACCAGTCAC AGAAAAGCAT CTTAC 35 

[0 0 6 9] E?IJ#*§ : 13 
E?"J©g£:34 

mm<DM : mm (dna) 
: i *m 

mpiomm ■. mdna 

AAAAAGTACT CAACCAAGTC ATTCVTGAGA ATAGT 34 

[01] WSftt£DNA#U — ifOX^V (EXO) 

» 7 = / &E JiJ £ 0T* h -5 . 
[13 2] gSc^S!DNA#U t?(Z)#U*7 — t?«tt 

iDNA»)»$$§tiT*5. 
[03] 3^^SKODt<7)X+y?i7l/7— tfffittCDtfc 

[04] eSc^DNA^'J fe'SiWcPCROg 



[01] 



BX0I 

Oil UAFD1ETLY 
tla ILAFD1ETLY 
Vfut L1AFDIBTFT 
Ottp Vnl UAFDIETIT 



EX0I EI0 D 

UTTWUfFWWLDB TAnSXElMIV 

IfTnOXSTDFPTUBI TAnSKEIMIA 

UTTNairpxmira taktssoaia 

iiTTNOHFnrrinB taitskdait 
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[02] 



[0 3] 







wKOD 


lit 


IE 


IQ 


ID 


TV 


IK 


IR 




1. 00 


0. 95 


0. 76 


0. 64 


0.52 


0. 48 


0. 30 


0. 00 



as i 




V f 

0 

ft 

v 

IK 

A/: 



[ffiffiB] ¥f£8ff 9£ 2 B 
[#*MiiE 1 ] 



[04] &££!DNA#'J*7~ tfSrffl^fePCRO 
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(5Dint.ci.fi mmvm sf^mm^ fi sjr**^ 

(C12N 9/12 
CI 2R 1:19) 

(72)ig^# ;n± (72)^^# nm &>\ 

(72)f!93# as 

^K^fflmffllj^ 1 T@ 3 C -58-207 
(72) mwm &fr 

^cBg^B*: e ma e ^ 2 t g 28S 1 1 ^ 



